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Appendix B -Production Function Parameter Expressions
For rainfed crops
where ( b . Lastly, using (2), we have
For irrigated crops
where ( 
where i  is the elasticity of supply for crop i, assumed to be equal to 2.5. Thus,
where AC i , the average cost of land, is defined to be the total average production cost (considering all inputs) reported by the famers minus the sum of average production costs of all inputs except land.
Appendix D -Database
In this appendix we define the procedures undertaken to collect and develop the necessary data to calibrate the economic model.
Crop Aggregation
Firstly, the crops are divided by the 1995/96 Census in the following categories: temporary crops; perennial crops; and vegetables. Once defined these basic categories, the most representative crops were selected considering the production within the SFRB. The criterion used was based on the total planted area and the estimated total water use of each one. Some of them remained aggregated in the census categories, while others were aggregated in a different way as follows: Driedbeans: 1°, 2° and 3° harvests; Forrages: capim elefante, milho forrageiro, palma forrageira, etc; Citrus: Orange, Lime, Lemon; Vegetables: Pineapple, pumpkins, zucchini, garlic, sweet potato, broccoli, cauliflower, lettuce, sweet pepper, carrot, etc.
Irrigated versus rainfed crops -The crops showed in the census as having a relatively large irrigated area were then put in the category of crops that can be irrigated or rainfed (banana, driedbeans, corn, grape, mango, melon, onion; Rice; Sugar Cane; Soybeans; Tomato). Those with very low or insignificant irrigated areas were considered as being purely rainfed (pasture; citrus; coconut; coffee; cotton; forages; manioc; and vegetables). The definition of the area and yield estimated for each one of these will be detailed below.
Output Quantities
The production quantity values used were collected using the SIDRA system (www.ibge.gov.br).
For most of the crops the quantities are given for each município in tons. However, the measure units for some of the crops are different: coconut, citrus, mango and melon are counted in "thousand fruits", and bananas, in thousand bunches.
Missing values for quantities produced -Some crops in a few municípios presented missing data on quantity produced. These crops had values for planted area, usually smaller then 1ha, but had no number for the quantity produced. In order to avoid further problems, values from a different IBGE survey, PAM (Municipal Agricultural Production Survey) were used to replace the missing census values. Even after doing this procedure, there were still some cases with missing values, leading us to exclude the crops which had only information about planted area.
The production quantities were divided for the crops which had the irrigated and nonirrigated categories, using a yield estimation for each crop. The detailed estimation procedure is shown in the "yield" section below.
Livestock -The animal stock values are defined as the sum of sold animals (alive) and the slaughtered animals in the reference period, from 01/08/95 to 31/07/96. For livestock, we only considered cattle production since it is the only significant type of livestock in the region that uses a considerable amount of land for pasture growth.
Output Values
They are defined as the income from the selling of agricultural products and cattle.
Yield
The yields were calculated dividing the total crop production in each município by its total area. In very few cases, some yield values were excluded since they appeared to contain errors (e.g., being many times higher than the average yield for the region.) IBGE's staff has confirmed that errors were possibly due to imprecision with very small area values. Note that in the Census quantities harvested are not separated by irrigated and rainfed production. That is there is only the total quantity for each crop. To populate the model, we need to know the yield whether the crop is irrigated or dryland. We have then used differences in yield between dryland and irrigated production and applied these differences to disaggregate data. Differences in yield due to irrigation were based on interviews with technicians at the Brazilian Agricultural Research Corporation (EMBRAPA), Semi-Arid Tropics and Savannah Research Stations.
Output Prices
The Agricultural Census does not give direct information about output prices. They were estimated dividing the total crop value for each municipality by their total quantities produced. The prices received by the producers were considered to be the same for the irrigated and non-irrigated portions.
Input Quantities
Materials -The materials category is an aggregation of the following inputs: fertilizers, pesticides, seeds, animal medicines, animal food, machine rental, transportation, fuel, sacks and packages, and electricity. The census doesn't disclose information on quantity measures for these inputs. Because of this, only expenditures (not quantities) were considered for these inputs.
The census gives only the expenditures by município for each kind of input, not being available the further division between the different crops. However, the input expenditures for each crop are available at the State level. To deal with the problem of lack of data at the município level, it was necessary to rely on some assumptions to get some useful data at a disaggregated level.
There were two options: 1) to assume that the State level input expenditure proportion for each crop is equal between municípios; or to assume that the input expenditure portions at the município level are equal in a per-hectare comparison between crops in the same município. In the first case, we would derive different expenditures per hectare for each crop, but the total expenditures by município would then differ from the original census values. The second case would respect the municipal expenditures in the census, but would not account for differences between crops. This second option was chosen and the expenditures associated with each kind of input were distributed based on the planted areas, ignoring the kind of the crop.
Labor -The census gives the total number of employees in the farming activity (agriculture and animal production). These values are displayed in the Census in hired and family labor categories, allowing us to calculate their proportions for each município. The Census also gives the total labor used for agriculture specific for each município divided in three crop groups: temporary, perennial and vegetables. The proportion of family/hired labor in farming in a given município was then used to divide, between family and hired labor, the total labor used in each of these three crop groups. The total amounts of family and hired labor were then re-distributed to all crops following their land use proportion in each crop group.
Land -Area values refer to harvested area, in hectares for all crops. The production value and quantity are available in the census for vegetables but areas are nor. It was then necessary to estimate this area by dividing the total production quantity (Q) by the average yield (Y) of each vegetable (Area=Q/Y) collected through personal interviews with technicians from the Brazilian Agricultural
Research Corporation (EMBRAPA) headquarters in Brasília. The land in pasture is defined as area planted for animal production, not included natural areas.
Irrigated Land -The Census considers as "irrigated" any area that has been irrigated using any method, not including the manual watering of plants. The total irrigated area by crop is available only at the State level. Then, the disaggregation to the município level was based on the average proportion of the irrigated area by crop in each State (irrigated area in crop i divided by total harvested area of crop i). For example, suppose that this proportion associated to crop i, in the State S is k. If a given município n belongs to State S, the irrigated land allocated to crop i is calculates as the total harvested area of crop i in the município multiplied by k.
Input Prices
The only input with actual prices is hired labor. The others have information on total expenditures only. Hired labor was estimated as an average wage for each município dividing its total labor expenditure by the number of employees used in farming. This price is the same for all crops.
